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57 ABSTRACT

A diaphragm valve which can solve problems of a disc-
shaped diaphragm, wherein the amount of deformation is
significant and dust is liable to be generated, that the change
in volume in opening and closing of the fluid channel is
significant, and that a pressure receiving surface area of the
diaphragm at the time of channel closure is provided. A dia-
phragm is formed of a synthetic resin and, a cylindrical por-
tion fixedly fitted ona valve rod, a bottom wall portion closing
a lower end opening of the cylindrical portion, a flange por-
tion provided at an upper end portion of the cylindrical por-
tion, and a projecting portion provided at a center portion of
the bottom wall portion and facing an upper end opening of a
fluid inlet passage. A vertical cross-sectional shape of an
axially intermediate portion of the cylindrical portion is
formed into a substantially arcuate shape projecting radially
outward.

2 Claims, 3 Drawing Sheets
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1
DIAPHRAGM VALVE

TECHNICAL FIELD

The present invention relates to diaphragm valve and, spe-
cifically, a diaphragm valve in which a diaphragm formed of
synthetic resin such as PTFE is used.

BACKGROUND ART

A diaphragm valve including a body provided with a fluid
passage, a seat formed on the body and arranged at a periph-
eral edge of the fluid passage formed in the body so as to be
demountably mountable, a disc-shaped diaphragm config-
ured to open and close the fluid passage by being pressed
against and moved away from the seat, and an upward and
downward moving means configured to move a diaphragm
holder configured to press a center portion of the diaphragm
is known (Patent Literature 1 and the like).

Such a diaphragm is configured to seal an opening of an
upward-facing depressed portion provided in the body by
being fixed to the body at an outer peripheral portion thereof
is resiliently deformable (vertically movable) with respect to
the outer peripheral portion at a center portion thereof, and
contributes to opening and closing of the fluid passage by
being resiliently deformed in association with the vertical
movement of a valve rod.

The diaphragm is formed, for example, of a nickel alloy
thin plate, and is formed into an inverted dish shape by cutting
out into a circular shape and causing a center portion thereof
to protrude upward. The diaphragm may formed of a stainless
steel thin plate, or of a laminated member composed of the
stainless steel thin plate and a nickel-cobalt alloy thin plate. A
diaphragm formed of PTFE is also known.

CITED REFERENCE
Patent Literature
PTL: JP-A-2003-42314
SUMMARY
Technical Problem

In the diaphragm valve of the related art described above,
since a disc shaped portion of the diaphragm is deformed
entirely, there are problems that the amount of deformation is
significant and dust is liable to be generated, and there is also
a problem that a change in volume in association with open-
ing and closing of the fluid passage is significant, and there is
further a problem that a pressure receiving surface area of the
diaphragm at the time of passage closure is large.

It is an object of the present invention is to provide a
diaphragm valve which can solve problems of the disc-
shaped diaphragm, in other words, the problems that the
amount of deformation is significant and dust is liable to be
generated, that the change in volume in association with
opening and closing of the fluid passage is significant, and
that the pressure receiving surface area of the diaphragm at
the time of passage closure is large.

Solution to Problem

A diaphragm valve according of the present invention
including: a body provided with a fluid passage; a casing
provided above the body; a diaphragm configured to open and
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close the fluid passage; and a valve rod configured to move the
diaphragm in a closing or opening direction by moving
upward or downward, is characterized in that the diaphragm
is formed of a synthetic resin made, and includes: a cylindri-
cal portion fixedly fitted on the valve rod; a bottom wall
portion that closes a lower end opening of the cylindrical
portion; a flange portion provided on an upper end portion of
the cylindrical portion; and a projecting portion provided on
a center portion of the bottom wall portion and facing toward
an upper end opening of the fluid passage, and in that a
vertical cross-sectional shape of an axially intermediate por-
tion of the cylindrical portion is formed into a substantially
arcuate shape projecting radially outward.

The diaphragm does not have a disc shape as that of the
related art, and has a bottomed substantially cylindrical shape
including a cylindrical portion having a flange portion and a
bottom portion provided with a projecting portion. Then, with
the cylindrical portion having the vertical cross-sectional
shape of the substantially arcuate shape projecting radially
outward at the axially intermediate portion, the axially inter-
mediate portion of the cylindrical portion can be resiliently
deformed (deformed by compression) easily in an axial direc-
tion.

Accordingly, a closed state in which the projecting portion
of the diaphragm closes the upper end opening of the fluid
passage and an opened state in which the cylindrical portion
is deformed by compression and the projecting portion of the
diaphragm is apart from the upper end opening of the fluid
passage are obtained. Here, the deformation of the cylindrical
portion is a deformation in a state in which the cylindrical
shape is maintained, and hence the projecting portion which
closes the opening of the fluid passage is not deformed.
Therefore, the degree of deformation may be smaller than that
of'the disc-shaped diaphragm which is deformed at the center
portion thereof. Accordingly, the problems ofthe disc-shaped
diaphragm that the amount of deformation is significant and
dust is liable to be generated, that the change in volume in
association with opening and closing of the fluid passage is
significant, and that the pressure receiving surface area of the
diaphragm at the time of passage closure is large may be
solved.

The diaphragm may be obtained as a synthetic resin made
molding product formed by using a metal die or a processed
product formed by machining. The synthetic resin is not
specifically limited. However, fluorine contained resins such
as ethylene tetrafluoride resin (PTFE) and the like having a
high drug-resistance and a high corrosion resistance is suit-
able. By making the diaphragm of such a synthetic resin, the
corrosion resistance can be improved in comparison with a
metallic diaphragm. Examples of fluorine contained resin
other than PTFE include tetrafluoroethylene/perfluoroalky-
Ivinylether copolymers (PFA), tetrafluoroethylene-hexafluo-
ropropylene-copolymer (FEP), ethylene tetrafluoroethylene
(ETFE), polyvinylidene fluoride resin (PVDF) and the like.

Preferably, the cylindrical portion of the diaphragm is pro-
vided with a female screw portion on an lower inner periphery
thereof, and the diaphragm is attached to the valve rod by the
female screw portion screwed into a male screw portion pro-
vided on an outer periphery of the valve rod, and the axially
intermediate portion of the cylindrical portion is thinner than
the lower portion of the cylindrical portion.

In this configuration, the movement of the diaphragm in
association with the movement of the rod is ensured, and the
amount of resilient deformation of the cylindrical portion of
the diaphragm at the axially intermediate portion may be
increased.
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Preferably, the casing is provided with a cylindrical guide
portion configured to guide the valve rod and receive the
flange portion of the diaphragm moved upward, and a resil-
ient member is interposed between a lower end surface of the
cylindrical guide portion and an upper surface of the flange
portion of the diaphragm.

In this configuration, since the cylindrical guide portion
configured to guide the valve rod also has a function to receive
the flange portion ofthe diaphragm, the structure is simplified
and, since the resilient member is interposed between the
lower end surface of the cylindrical guide portion and the
upper surface of the flange portion of the diaphragm, the
synthetic resin made diaphragm is prevented from becoming
damaged.

The diaphragm valve may have the upward and downward
moving means, which is a manually operated valve such as an
opening-closing handle, or may be an automatic valve having
a suitable actuator as the upward and downward moving
means. The actuator in the case of the automatic valve may be
operated by fluid (air) pressure or by an electromagnetic
force.

In this specification, a direction of movement of the valve
rod (an axial direction of the diaphragm) is defined as an
upward and downward direction. However, this direction is
defined only for the convenience and, in the actual mounting,
the upward and downward direction may not only be a per-
pendicular direction, but also be a horizontal direction.

Advantageous Effects of Invention

According to the diaphragm valve of the present invention,
the problems of the disc-shaped diaphragm that the amount of
deformation is significant and dust is liable to be generated,
that the change in volume in association with opening and
closing of the fluid passage is significant, and that the pressure
receiving surface area of the diaphragm at the time of passage
closure is large may be solved.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a vertical cross-sectional view illustrating a first
embodiment of a diaphragm valve of the present invention.

FIG. 2 is a drawing illustrating an outer peripheral surface
of'the diaphragm in an enlarged scale, and illustrates a state in
which a fluid passage is closed.

FIG. 3 is a drawing illustrating the outer peripheral surface
of'the diaphragm in an enlarged scale, and illustrates a state in
which the fluid passage is opened.

REFERENCE SIGNS LIST

(1): diaphragm valve, (2): body, (2a): fluid inlet passage,
(2b): fluid outlet passage, (4) valve rod, (5): diaphragm, (10):
disc spring (resilient member), (21): cylindrical portion, (22):
bottom wall portion, (23): flange portion, (24): projecting
portion, (31): upper portion, (32): lower portion, (32a):
female screw portion, (33): intermediate portion (axially
intermediate portion), (34a): male screw portion, (37); cylin-
drical guide portion

DESCRIPTION OF EMBODIMENT

An embodiment of the present invention will be described
with reference to the drawings, in the following description
given below, up, down, left and right indicate up, down, left
and right in FIG. 1.
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FIG. 1 illustrates a first embodiment of a diaphragm valve
according to the present invention, and a diaphragm valve (1)
includes a body (2), a casing (3) mounted above the body (2),
a valve rod (4) arranged in the casing (3) so as to be movable
in the vertical direction, a diaphragm (5) fixedly fitted to a
lower portion of the valve rod (4), a piston (6) provided
integrally with the valve rod (4) at an upper end portion of the
valve rod (4), a cylinder chamber (7) provided on an upper
portion of the casing (3) and configured to store the piston (6)
s0 as to be movable in the vertical direction, a cap (8) config-
ured to close an upper end opening of the casing (3), and an
adjuster (9) configured to penetrate through a center portion
of'the cap (8).

The body (2) is provided with a depressed portion (11)
opening upward. The upper end opening of a fluid inlet pas-
sage (2a) opening at a lower end communicates with a bottom
surface of the depressed portion (11), and a left end of a fluid
outlet passage (2b) opening at a right end continuing to aright
side surface of the depressed portion (11). The depressed
portion (11) of the body (2) includes a large diameter portion
(11a) on an upper side, and a small diameter portion (115)
provided on the lower side and communicating with the large
diameter portion (11a) via a shoulder surface (11¢).

The diaphragm (5) is formed of a synthetic resin and, as
illustrated also in FIG. 2 and FIG. 3, the cylindrical portion
(21) fixedly fitted on the valve rod (4), a bottom wall portion
(22) closing a lower end opening of the cylindrical portion
(21), an outward flange portion (23) provided at the other end
portion of the cylindrical portion (21), and a conical project-
ing portion (24) provided at a center portion of the bottom
wall portion (22) and facing the upper end opening of the fluid
inlet passage (2a).

The cylindrical portion (21) of the diaphragm (5) includes
a cylindrical upper portion (31) continuing to the lower side
of'the outward flange portion (23), a cylindrical lower portion
(32) continuing to an upper side of the bottom wall portion
(22) and an intermediate portion (33) provided between the
upper portion (31) and the lower portion (32). The interme-
diate portion (33) has a vertical cross-section having a pro-
jecting arcuate shape. The upper portion (31) and the lower
portion (32) are fitted to the valve rod (4), and an inner
peripheral surface of the intermediate portion (33) is out of
contact with an outer peripheral surface of the valve rod (4).
The lower portion (32) is formed to be thicker than the upper
portion (31) and the intermediate portion (33).

The valve rod (4) includes a small diameter portion (34) on
a distal end side, an intermediate diameter portion (35) con-
tinuing to an upper side of the small diameter portion (34),
and a large diameter portion (36) continuing to an upper side
of the intermediate diameter portion (35). The piston (6) is
integrally provided near an upper end of the large diameter
portion (36). The large diameter portion (36) is inserted into
a cylindrical guide portion (37) provided in the casing (3) so
as to be movable in the vertical direction. A male screw
portion (34a) is formed on an outer periphery of the small
diameter portion (34).

A lower end portion of the cylindrical guide portion (37)
projects downward with respect to a bottom surface of a
bottom wall (3a) ofthe casing (3), and is configured to receive
an upper surface of the outward flange portion (23) of the
diaphragm (5) by the lower end surface thereof. Two disc
springs (resilient members) (10) are interposed between the
lower end surface of the cylindrical guide portion (37) and the
upper surface of the outward flange portion (23) of the dia-
phragm (5). The outward flange portion (23) of the diaphragm
(5) and a plurality of (two in this case) disc springs (10) are
nipped between the lower end surface of the cylindrical guide
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portion (37) and the shoulder surface (11c¢) of the depressed
portion (11) of the body (2), and the vertical movement
thereof is disabled.

The upper portion (31) of the cylindrical portion (21) of the
diaphragm (5) is fitted to the intermediate diameter portion
(35) of the valve rod (4). This fitting allows a relative vertical
movement between the upper portion (31) of the cylindrical
portion (21) and the intermediate diameter portion of the
valve rod (4). The female screw portion (32a) is provided on
an inner periphery of the lower portion (32) of the cylindrical
portion (21) of the diaphragm (5), and the diaphragm (5) is
attached to the valve rod (4) by the female screw portion (32a)
of'the lower portion (32) of the cylindrical portion (21) being
screwed with the male screw portion (34a) of the small diam-
eter portion (34) of the valve rod (4). The intermediate portion
(33) has a vertical cross-section having a projecting arcuate
shape, and is out of contact with the outer peripheral surface
of the valve rod (4), and hence is allowed to be resiliently
deformed (deformed by compression) when the lower portion
(32) of the cylindrical portion (21) is moved toward the upper
portion (31) of the cylindrical portion (21).

In the interior of the cylinder chamber (7), an operation air
introduction chamber (12) on an upper side of the piston (6),
and an operation air introduction chamber (13) on a lower
side of the piston (6) are formed. By introducing operation air
into the operation air introduction chamber (12) on the upper
side, the valve rod (4) can be moved downward, while by
introducing the operation air into the operation air introduc-
tion chamber (13) on the lower side, the valve rod (4) can be
moved upward. A pin (14) configured to guide the vertical
movement of the piston (6) is provided upright on the bottom
wall (3a) of the casing (3).

A through hole (15) is provided at a center portion of the
cap (8), and a female screw portion (15q) is provided on an
upper portion of the through hole (15). A male screw portion
(9a) provided on an outer periphery of the adjuster (9) is
screwed with the female screw portion (15a) of the through
hole (15). In this configuration, by moving the adjuster (9)
downward, the upward movement of the valve rod (4) can be
restricted.

As illustrated in FIG. 1 and FIG. 2, in a state in which the
valve rod (4) is moved downward, a closed state in which the
projecting portion (24) of the diaphragm (5) closes the upper
end opening of the fluid inlet passage (2a) is achieved.

Then, in the state in which the valve rod (4) is moved
upward, an opened state in which the projecting portion (24)
of the diaphragm (5) is apart from the upper end opening of
the fluid inlet passage (2a) is achieved as illustrated in FIG. 3.
In the opened state, the valve rod (4) is movable upward until
abutting against the adjuster (9), and the female screw portion
(32a) of the lower portion (32) of the cylindrical portion (21)
is screwed with the male screw portion (34a) of the small
diameter portion (34) of the valve rod (4), so that the dia-
phragm (5) makes an attempt to move upward integrally with
the valve rod (4). Here, since the outward flange portion (23)
of'the diaphragm (5) is nipped between the lower end surface
of'the cylindrical guide portion (37) and the shoulder surface
(11¢) of the depressed portion (11) of the body (2), the vertical
movement thereof is disabled. In other words, the upper por-
tion (31) of the cylindrical portion (21) of the diaphragm (5)
is not changed in position from the state illustrated in FIG. 2,
and only the cylindrical lower portion (32) moves upward
and, in association with this movement, the intermediate por-
tion (33) having a vertical cross-section having a projecting
arcuate shape provided between the upper portion (31) and
the lower portion (32) is resiliently deformed.

20

40

45

65

6

As is apparent from the comparison between FIG. 2 and
FIG. 3, the amount of deformation of the diaphragm (5) is
very small. The diameter of the diaphragm (5) is smaller than
that of the disc-shaped diaphragm of the related art, a volu-
metric change can be set to be smaller than that of the disc-
shaped diaphragm even though strokes (the amount of defor-
mation in the axial direction) are the same, the problems that
the amount of deformation is significant and dust is liable to
be generated, that the change in volume in association with
opening and closing of the fluid passage is significant may be
solved. Since the amount of deformation is small, the dura-
bility of the diaphragm (5) is also improved. The conical
projecting portion (24) of the diaphragm (5) has a function as
avalve element, and this part may be small so that the pressure
receiving surface area at the time of passage closure may be
reduced to reduce a probability of being influenced by the
fluid pressure. Accordingly, an output of the actuator for
achieving the closed state (a pressure of operation air or the
like) may be reduced.

In the description given above, the actuator to use the
operation air is illustrated. However, the diaphragm valve
may be a manual valve configured to move the vale rod
upward and downward by an opening and closing handle
instead of the automatic valve as described above, and in the
case of the automatic valve, it may be on the basis of a fluid
(air) pressure and may be of an electromagnetic force. When
using the operation air, it is not limited to the embodiment
described above.

INDUSTRIAL APPLICABILITY

According to the present invention, the problems of the
diaphragm valve in which the disc-shaped diaphragm of the
related art is used may be solved, and the diaphragm valve
with improved performance is provided.

The invention claimed is:

1. A diaphragm valve comprising:

a body provided with a fluid passage;

a casing provided above the body;

a diaphragm configured to open and close the fluid pas-

sage; and

a valve rod configured to move the diaphragm in a closing

or opening direction by moving upward or downward,
characterized in that

the diaphragm is formed of a synthetic resin made, and

includes:

a cylindrical portion fixedly fitted on the valve rod;

a bottom wall portion that closes a lower end opening of
the cylindrical portion;

a flange portion provided on an upper end portion of the
cylindrical portion; and

a projecting portion provided on a center portion of the
bottom wall portion and facing toward an upper end
opening of the fluid passage, and in that

a vertical cross-sectional shape of an axially intermedi-
ate portion of the cylindrical portion is formed into a
substantially arcuate shape projecting radially out-
ward,

wherein the casing is provided with a cylindrical guide
portion configured to guide the valve rod and receive
the flange portion of the diaphragm moved upward,
and a disc spring is interposed between a lower end
surface of the cylindrical guide portion and an upper
surface of the flange portion of the diaphragm.

2. The diaphragm valve according to claim 1, wherein the
cylindrical portion ofthe diaphragm is provided with a female
screw portion on an lower inner periphery thereof, and the
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diaphragm is attached to the valve rod by the female screw
portion screwed into a male screw portion provided on an
outer periphery of the valve rod, and the axially intermediate
portion of the cylindrical portion is thinner than a lower
portion of the cylindrical portion. 5
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